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NON-AQUEOUS ELECTROLYTE
SECONDARY BATTERY WITH VINYLENE
CARBONATE AND DIVINYL SULFONE
CONTAINING ELECTROLYTE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-aqueous electrolyte
secondary battery such as a lithium secondary battery.

2. Description of the Related Art

In recent years, anon-aqueous electrolyte secondary bat-
tery, in which an alloy, lithium metal or a carbon material
capable of occluding/releasing lithium ions is used as a nega-
tive active material and a lithium transition metal complex
oxide expressed by a chemical formula LiMO, (M is a tran-
sition metal) is used as a positive active material, is noted as
a battery having a high energy density.

As the above-mentioned lithium transition metal complex
oxide, lithium cobalt complex oxide (LiCoQ,) is given as a
typical one, and it has already become commercially practical
as a positive active material of the non-aqueous electrolyte
secondary battery.

In the non-aqueous electrolyte secondary battery in which
a lithium transition metal complex oxide such as lithium
cobalt oxide is used as a positive active material and a carbon
material is used as a negative active material, 4.1 t0 4.2 V is
generally employed as the end of charge voltage. In this case,
the positive active material is utilized only by 50 to 60% with
respect to its theoretical capacity. Therefore, if the end of
charge voltage is more raised, a capacity (coefficient of use)
of a positive electrode can be improved and the capacity and
the energy density of the battery can be enhanced.

However, if the end of charge voltage is raised, the dete-
rioration of a structure of LiCoO, and the decomposition of
an electrolyte solution at the surface of the positive electrode
become apt to occur. Therefore, there was a problem that
deterioration of the battery due to charge-discharge cycles
becomes more remarkable than the conventional case of
employing 4.1 to 4.2V as the end of charge voltage.

On the other hand, of lithium transition metal complex
oxide expressed by a chemical formula LiMO, (M represents
transition metals), compounds containing Mn and Ni as tran-
sition metals have been studied and also materials containing
all three kinds of transition metals of Mn, Ni and Co have
been actively studied as shown in Japanese Patent Publication
No. 2561556, Japanese Patent Publication No. 3244314 and
Journal of Power Sources 90 (2000) 176-181.

It is reported that among the lithium transition metal com-
plex oxides containing Mn, Ni and Co, a compound in which
compositions of Mn and Ni are equal exhibits specifically
high thermal stability even in a charging state (high oxidation
state) in FElectrochemical and Solid-State Letters, 4(12)
A200-A203 (2001) Also, it is reported that complex oxide, in
which Mn is substantially equal to Ni, has a voltage of around
4V equal to that of LiCoO, and exhibits a high capacity and
excellent charge-discharge efficiency in Japanese Unexam-
ined Patent Publication No. 2002-42813.

In such a battery in which lithium transition metal complex
oxide containing Mn, Ni and Co and having a layered struc-
ture is used as a positive active material, it can be expected
that reliability of the battery is dramatically improved by
virtue of high thermal stability during charging even when the
end of charge voltage of the battery is raised to deepen the
depth of charge capacity of a positive electrode.

However, the present inventors studied on a battery in
which lithium transition metal complex oxide containing Mn,
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Ni and Co is used as a positive active material and as a result
have found that when the end of charge voltage is raised, the
deterioration of a structure of the positive active material and
the decomposition of an electrolyte solution at the surface of
the positive electrode become apt to occur and reduction in a
battery capacity due to the charge-discharge cycles becomes
more remarkable than the conventional case of employing 4.1
to 4.2 V as the end of charge voltage.

In order to solve the above-mentioned problems, the
present inventors have proposed in Japanese patent applica-
tion No. 2004-94475 not laid open that lithium transition
metal complex oxide formed by allowing LiCoO, to contain
Zr and Mg and lithium transition metal complex oxide having
a layered structure and containing at least Mn and Ni as
transition metals are mixed and this mixture is used as a
positive active material.

But, the present inventors have further studied and as a
result they have found that as described in Reference
Example described later, if a capacity per volume of the
battery is more increased by increasing a proportion of the
positive active material and the negative active material in the
battery in order to further enhance the capacity of the battery,
deterioration of the battery due to charge-discharge cycles is
apt to occur when a voltage of 4.3 V or higher is employed as
an end of charge voltage even though the positive active
material described in Patent Application No. 2004-94475 is
used.

The present invention is one to improve a charge-discharge
cycle characteristic in increasing a discharge capacity per
volume of the battery in the non-aqueous electrolyte second-
ary battery in which the positive active material described in
the above-mentioned Patent Application No. 2004-94475 is
used and a voltage 0f'4.3 V or higher is employed as an end of
charge voltage.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a non-
aqueous electrolyte secondary battery in which an end of
charge voltage can be 4.3 V or higher without deteriorating a
charge-discharge cycle characteristic and thermal stability,
and thereby a charge-discharge capacity can be enhanced.

The present invention pertains to a non-aqueous electrolyte
secondary battery including a positive electrode containing a
positive active material, a negative electrode containing a
negative active material and a non-aqueous electrolyte and is
characterized in that lithium transition metal complex oxide
A formed by allowing LiCoO, to contain at least both of Zr
and Mg and lithium transition metal complex oxide B having
a layered structure and containing at least both of Mn and Ni
as transition metals are mixed and used as the above-men-
tioned positive active material, and vinylene carbonate and
divinyl sulfone are contained in the above-mentioned non-
aqueous electrolyte.

In the present invention, since the mixture of the above-
mentioned lithium transition metal complex oxide A and the
above-mentioned lithium transition metal complex oxide B is
used as a positive active material, the end of charge voltage
can be 4.3 V or higher without deteriorating a charge-dis-
charge cycle characteristic and thermal stability, and thereby
a charge-discharge capacity can be enhanced. And, in the
present invention, since the vinylene carbonate and the divi-
nyl sulfone are contained in the non-aqueous electrolyte, a
charge-discharge cycle characteristic can be further
improved.

The reason why the charge-discharge cycle characteristic
can be improved by containing the vinylene carbonate and the
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divinyl sulfone in the non-aqueous electrolyte is considered
to be that a coating formed by decomposition of the divinyl
sulfone inhibits a reaction between the positive electrode and
the non-aqueous electrolyte and simultaneously a coating
formed by decomposition ofthe vinylene carbonate is formed
on a negative electrode and therefore a side reaction is inhib-
ited in both sides of the positive electrode and the negative
electrode.

In the present invention, it is preferred that 1,4-butane-
dioldimethanesulfonate is further contained in the non-aque-
ous electrolyte. By further containing 1,4-butane-
dioldimethanesulfonate, the charge-discharge cycle
characteristic is further improved. The reason for this is not
clear, but it is considered to be that 1,4-butanedioldimethane-
sulfonate and divinyl sulfone are decomposed in stages to
form a coating on the positive electrode and thereby a coating
containing sulfur becomes tighter.

In the present invention, the content of the vinylene car-
bonate is preferably 0.5 to 5% by weight with respect to the
entire non-aqueous electrolyte, and more preferably 1 to 3%
by weight. When the content of the vinylene carbonate is too
less, there may be cases where an effect of improving the
charge-discharge cycle characteristic of the present invention
is not adequately attained. And, when it is too much, the
coating formed on the negative electrode becomes too thick
and this may have a detrimental effect on battery perfor-
mance.

In the present invention, the content of the divinyl sulfone
is preferably 0.1 to 1% by weight with respect to the entire
non-aqueous electrolyte. When the content of the divinyl
sulfone is too less, there may be cases where an effect of
improving the charge-discharge cycle characteristic of the
present invention is not adequately attained. When it is too
much, the coating formed on the surface of the positive elec-
trode becomes too thick and this may have a detrimental
effect on battery performance.

In the present invention, when 1,4-butanedioldimethane-
sulfonate is contained in the non-aqueous electrolyte, the
content of 1,4-butanedioldimethanesulfonate is preferably
0.1 to 1.5% by weight with respect to the entire non-aqueous
electrolyte. When the content of 1,4-butanedioldimethane-
sulfonate is too less, there may be cases where an effect of
improving the charge-discharge cycle characteristic by addi-
tion of 1,4-butanedioldimethanesulfonate is not adequately
attained. And, when it is too much, the coating formed on the
surface of the positive electrode becomes too thick and this
may have a detrimental effect on battery performance.

In the present invention, since the mixture of the above
lithium transition metal complex oxide A and the above
lithium transition metal complex oxide B is used as a positive
active material. By using such a mixture as a positive active
material, the end of charge voltage can be 4.3 V or higher
without deteriorating a charge-discharge cycle characteristic
and thermal stability. Hereinafter, the reason for this will be
described.

The reason why the charge-discharge cycle characteristic
is deteriorated in using a conventional LiCoQO, as a positive
active material and raising the end of charge voltageto 4.3V
or higher is not clear in detail, but it is assumed that the
deterioration of the charge-discharge cycle characteristic
results from decomposition of an electrolyte, generated by a
catalyticaction, on the surface of an active material, of Co of
which oxidation state is enhanced during charging, and
destruction of a crystal structure of LiCoO,. It is considered
that by allowing LiCoO, to contain Zr and Mg, the oxidation
state of Co is changed and the decomposition of an electrolyte
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solution or the destruction of a crystal structure of LiCoQO, is
reduced in the lithium transition metal complex oxide A inthe
present invention.

As described above, the lithium transition metal complex
oxide A exhibits a good charge-discharge cycle characteristic
even when the end of charge voltage is enhanced. On the other
hand, the lithium transition metal complex oxide B exhibits
high thermal stability. In the present invention, by mixing and
using such a lithium transition metal complex oxide A and
lithium transition metal complex oxide B, there can be
formed a positive active material having both of the excellent
cycle characteristic of the lithium transition metal complex
oxide A and the excellent thermal stability of the lithium
transition metal complex oxide B. Therefore, in accordance
with the present invention, the end of charge voltage can be
4.3 V or higher without deteriorating a charge-discharge
cycle characteristic and thermal stability, and thereby a
charge-discharge capacity can be enhanced.

Inthe present invention, it is preferred that Zr adheres to the
surface of the lithium transition metal complex oxide A as a
compound. That is, it is preferred that Zr is contained in the
lithium transition metal complex oxide A through the adhe-
sion of a compound of Zr to the surface of the lithium transi-
tion metal complex oxide A. And, it is preferred that a com-
pound of Zr adheres to the surface of the lithium transition
metal complex oxide A in the form of a particle. The adhesion
of Zr to the surface of the lithium transition metal complex
oxide A is considered not to contribute to stabilization of a
crystal structure of the lithium transition metal complex oxide
A but to facilitate the delivery and receipt of lithium ions and
electrons at the surface of the lithium transition metal com-
plex oxide A during charging and discharging and to enable to
inhibit the oxidation decomposition of an electrolyte solu-
tion, which is a degrading reaction.

And, it is verified that when Mg is added, Mg elements are
diffused into both of the compound containing Zr and the
lithium transition metal complex oxide A and simultaneously
the compound containing Zr and the lithium transition metal
complex oxide A are sintered in a robust state. Accordingly, it
is considered that the addition of Mg strengthens a joining
state between the compound containing Zr and the lithium
transition metal complex oxide A and substantially increases
an effect of inhibiting the decomposition of an electrolyte
solution.

As the lithium transition metal complex oxide A, there can
be used, for example, a compound expressed by Li,
Coy Lt Mg M O,, wherein M is at least one element
selected from Al, Ti and Sn and a, X, y and z are numerals
satisfying equations of 0=a=1.1, x>0, y>0, z=0 and O<x+
y+z=0.03.

Itis preferred that lithium transition metal complex oxide B
contains Co as transition metals and further an amount of Mn
is substantially equal to an amount of Ni. Preferably, the
amount of Mn and the amount of Ni in the lithium transition
metal complex oxide B are substantially equal in order to have
the best balance between the property of Mn, in which a
capacity is small but thermal stability during charging is high,
and the property of Ni, in which a capacity is large but thermal
stability during charging is low.

As the lithium transition metal complex oxide B, there can
be used, for example, a compound expressed by Li,Mn Ni,-
Co,0,, wherein b, s, t and u are numerals satistying equations
of 0=b=1.2, s+t+u=1, 0<s=0.5, 0<t=0.5 and u=0.

A proportion of the positive active material which the
lithium transition metal complex oxide A makes up is prefer-
ably within the range of 51 to 90% by weight. Therefore, a
proportion of the lithium transition metal complex oxide B is
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preferably within the range of 49 to 10% by weight. By
setting the above proportion within this range, both of the
charge-discharge cycle characteristic and the thermal stabil-
ity of the battery can be attained.

In the present invention, when a battery capacity is
enhanced by raising the end of charge voltage, the ratio
between charge capacities of the opposite portions in the
positive electrode and the negative electrode (negative elec-
trode charge capacity/positive electrode charge capacity) at
an end of charge voltage to be a design basis is preferably
within the range of 1.0 to 1.2. By setting the ratio between
charge capacities of the positive electrode and the negative
electrode at 1.0 or more like this, it is possible to prevent metal
lithium from depositing on the surface of the negative elec-
trode. That is, the ratio between charge capacities of the
opposite portions in the positive electrode and the negative
electrode (negative electrode charge capacity/positive elec-
trode charge capacity) is preferably within the range of 1.0 to
1.2 in designing the end of charge voltage either to be 4.3 Vor
to be 4.4 V. Further, the negative active material in this case is
an active material other than lithium metal. In addition, when
the end of charge voltage is higher than 4.4 V, an effect of
inhibiting the decomposition of an electrolyte solution or the
destruction of a positive electrode becomes insufficient, and
therefore the end of charge voltage is preferably 4.4 V or
lower.

As described above, the vinylene carbonate and the divinyl
sulfone are contained in the non-aqueous electrolyte used in
the present invention. As a solvent to be a main component of
the non-aqueous electrolyte, there can be used a substance
which has been previously used as a solvent of an electrolyte
of'alithium secondary battery. Among others, a mixed solvent
of a cyclic carbonate and a chain carbonate is particularly
preferably used. As the cyclic carbonate, there are given eth-
ylene carbonate, propylene carbonate, butylene carbonate
and the like. As the chain carbonate, there are given dimethyl
carbonate, ethyl methyl carbonate, diethyl carbonate and the
like.

It is desired that a solvent used for an electrolyte solution of
the non-aqueous electrolyte secondary battery according to
the present invention contains diethyl carbonate as a chain
carbonate. The reason for this is that by using such an elec-
trolyte solution, an oxidation-decomposition reaction of an
electrolyte solution in a highly charged state and at elevated
temperature becomes harder to proceed. And, since an oxi-
dation-decomposition reaction of the non-aqueous electro-
lyte becomes apt to proceed more in a highly charged state
and at elevated temperature particularly when ethyl methyl
carbonate is contained as a chain carbonate, an remarkable
effect of adding vinylene carbonate and divinyl sulfone
according to the present invention is obtained when ethyl
methyl carbonate is contained in the non-aqueous electrolyte.

And, since the cyclic carbonate generally tends to decom-
pose at a high potential, a proportion of the cyclic carbonate
in the total solvent is preferably 10 to 50% by volume and
more preferably 20 to 30% by volume when the battery is
charged at a high voltage of 4.3 V or higher.

And, when a graphite material is used as a negative active
material, ethylene carbonate is preferably used as a cyclic
carbonate. However, since ethylene carbonate tends to
decompose at a high potential, propylene carbonate and/or
butylene carbonate, which is resistant to oxidation decom-
posing, may be employed instead of ethylene carbonate in
order to inhibit the decomposition at a high potential.

As a solute of the non-aqueous electrolyte in the present
invention, there can be used lithium salt generally used as a
solute in the lithium secondary battery. As such lithium salt,
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there are exampled LiPF ¢, LiBF ,, LiCF;SO;, LiIN(CF;S0,),,
LiN(C,F.S0,),, LiN(CF,S0,) (C,F;SO,), LiC(CF,80,),,
LiC(C,F5S0,);, LiAsF,, LiClO,, Li,B,Cl,,, Li,B,Cl) 5,
and mixtures thereof. Among them, LiPF; (lithium hexafluo-
rophosphate) is preferably used. When the battery is charged
at a high charge voltage, aluminum which is a collector of the
positive electrode becomes apt to dissolve but if LiPF  exists,
a coating is formed on the surface of aluminum through
decomposition of LiPF and this coating can inhibits the
dissolution of aluminum. Accordingly, it is preferred to use
LiPF; as lithium salt.

And, in the present invention, the positive electrode may
contain a conductive material. When a carbon material is
contained as a conductive material, the content of the carbon
material is preferably 5% by weight or lower with respect to
the total of the positive active material, the conductive mate-
rial and the binder. The reason for this is that the electrolyte
solution is apt to decompose on the surface of the carbon
material in charging at a particularly high end of charge
voltage.

As the negative active material used in the present inven-
tion, a compound which can be employed as a negative active
material of a lithium secondary battery may be used and
includes, for example, carbon materials such as graphite and
metal materials such as silicon, tin and aluminum, which
forms an alloy with lithium. In the present invention, a graph-
ite material is particularly preferably used.

In accordance with the present invention, by mixing and
using the lithium transition metal complex oxide A formed by
allowing LiCoO, to contain at least both of Zr and Mg and the
lithium transition metal complex oxide B having a layered
structure and containing at least both of Mn and Ni as transi-
tion metals, the end of charge voltage can be 4.3 V or higher
without deteriorating a charge-discharge cycle characteristic
and thermal stability, and thereby a charge-discharge capacity
of the non-aqueous electrolyte secondary battery can be
enhanced.

And, a charge-discharge cycle characteristic can be further
improved by containing the vinylene carbonate and the divi-
nyl sulfone in the non-aqueous electrolyte in accordance with
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a backscattered-electron image of a scanning
electron microscope (SEM) of LiCoq 657t 00sME0 00505 (@
scale in the image represents 1 pm), FIG. 2 shows an image of
a transmission electron microscope (TEM) of
LiCoy 67 605sM80.0050- (a scalein the image represents 0.1
um), FIG. 3 shows a graph of the result of measurement of
energy-dispersive X-ray spectroscopy (EDS) at the spot 1 in
FIG. 2 and FIG. 4 shows a graph of the result of measurement
of EDS at the spot 2 in FIG. 2.

DESCRIPTION OF THE PREFERRED
EXAMPLES

Hereinafter, the present invention will be described in more
detail by way of examples, but the present invention is not
limited by the following examples and can be appropriately
modified to embody as long as its gist is not modified.

<Experiment 1>

Example 1

[Preparation of LiCoy 65571 00oM80.0050>]
Li,CO;, Co50,, ZrO, and MgO were mixed in an Isikawa
type grinding mortar in such a way that a molar ratio of Li, Co,
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Zrand Mg is 100:99.3:0.2:0.5 and then heat treated at 850° C.
for 24 hours in an air atmosphere, and then the heat treated
mixture was milled to obtain LiCoy 69571 00:Mgg 00505 hav-
ing an average particle diameter of about 14 um.

[Preparation of LiMn,, 55Ni, 55C0q 5,05]

LiOH and coprecipitation hydroxide expressed by
Mn,, 55Ni, 55Coq 5,(OH), were mixed in an Isikawa type
grinding mortar in such a way that a molar ratio of Li and
overall transition metals is 1:1 and then heat treated at 1,000°
C. for 20 hours in an air atmosphere, and then the heat treated
mixture was milled to obtain LiMn,, ;;Ni, ;;Co, 5,0, having
an average particle diameter of about 5 pm.

[Preparation of Positive Electrode]

LiCoy 993Z10.002M80.0050> and LiMng, 53Nij 33C00.3405
thus obtained were mixed in an Isikawa type grinding mortar
in such a way that a weight ratio of these two compounds is
7:3 to obtain a positive active material. Next, poly vinylidene
fluoride as a binder was dissolved in N-methyl-2-pyrrolidone
as a dispersing medium and to this solution, a positive active
material and a carbon as a conductive material were further
added in such a way that the weight ratio of the active mate-
rial, the conductive material and the binder is 90:5:5 and the
resulting mixture was kneaded to prepare slurry for the posi-
tive electrode. After the prepared slurry was applied onto an
aluminum foil as a collector, it was dried and then rolled out
with a roller, and a positive electrode was fabricated by
attaching a collecting tab to the collector.

[Preparation of Negative Electrode]

To a solution formed by dissolving carboxymethylcellu-
lose as a thickener in water, artificial graphite as a negative
active material and a styrene butadiene rubber as a binder
were added in such a way that the weight ratio of the active
material, the binder and the thickener is 95:3:2 and then the
resulting mixture was kneaded to prepare slurry for the nega-
tive electrode. After the prepared slurry was applied on to a
copper foil as a collector, it was dried and then rolled out with
a roller, and a negative electrode was fabricated by attaching
a collecting tab to the collector.

[Preparation of Electrolyte Solution]

Ethylene carbonate (EC), ethyl methyl carbonate (EMC)
and diethyl carbonate (DEC) were mixed so as to be 2:5:3 in
avolumetric ratio to form a solvent and in this solvent, lithium
hexafluorophosphate was dissolved so as to be 1 mol/l in its
concentration. To this solution, vinylene carbonate (VC) and
divinyl sulfone (VS) were added in the proportions of 2.0
parts by weight and 0.3 parts by weight, respectively, with
respectto 97.7 parts by weight of this solution and the mixture
was dissolved to prepare an electrolyte solution.

[Fabrication of Battery]

The positive electrode and the negative electrode thus
obtained were taken up so as to be placed on opposite sides of
a separator to prepare a roll, and a non-aqueous electrolyte
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secondary battery Al, which has a design capacity of 820
mAh and has a size of 5.5 mm thickx3.4 cm widex3.6 cm long
as a battery standardized size, was obtained by encapsulating
the roll together with an electrolyte solution in an aluminum
laminate in a glove box under an atmosphere of argon. In
addition, a design discharge capacity per volume of the bat-
tery was 122 Ah/liter.

Here, amounts of the positive active material and the nega-
tive active material used are determined in such a way that the
ratio between charge capacities of the opposite portions in the
positive electrode and the negative electrode (negative elec-
trode charge capacity/positive electrode charge capacity) in
the case where 4.4 V is selected as an end of charge voltage is
1.05. In addition, this ratio between charge capacities of the
positive electrode and the negative electrode will be similarly
used in the following Examples and Comparative Example.

[Evaluation of Charge-discharge Cycle Characteristic]

The non-aqueous electrolyte secondary battery Al was
charged at a constant current of 820 mA at room temperature
until a voltage reaches 4.38 V and further charged at a con-
stant voltage of 4.38 V until a current value reaches 16 mA
and then discharged at a constant current of 820 mA until a
voltage reaches 3.0 V, and thereby a discharge capacity
(mAh) of the battery was measured. By repeating this charge
and discharge, the charge-discharge cycle characteristic was
evaluated. The results of evaluation are shown in Table 1.

Example 2

Anon-aqueous electrolyte secondary battery A2 was fab-
ricated by following the same procedure as in Example 1
except for changing the procedure in the above preparation of
electrolyte solution in Example 1 in such a way that VC, VS
and 1,4-butanedioldimethanesulfonate (BDDMS) were
added to the solution in the proportions of 2.0 parts by weight,
0.3 parts by weight and 1.0 parts by weight, respectively, with
respect to 96.7 parts by weight of the solution and dissolved
therein, and the charge-discharge cycle characteristic of the
battery A2 was evaluated. The results of evaluation are shown
in Table 1.

Comparative Example 1

A non-aqueous electrolyte secondary battery X1 was fab-
ricated by following the same procedure as in Example 1
except for changing the procedure in the above preparation of
electrolyte solution in Example 1 in such a way that VC was
added to the solution in the proportion of 2.0 parts by weight
with respect to 98 parts by weight of the solution and dis-
solved therein, and the charge-discharge cycle characteristic
of'the battery X1 was evaluated. The results of evaluation are
shown in Table 1.

Here, in Table 1, capacity retention represents a capacity
ratio to an initial discharge capacity.

TABLE 1
Capacity Capacity
EC Content Materials Added to Retention at Retention at
Battery in Solvent Electrolyte Solution 250th Cycle 300th Cycle
Example 1 Al 20%byVolume VC+VS 82.5% 54.2%
Example 2 A2 20%byVolume VC+VS+ BDDMS 85.2% 82.0%
Comparative Example 1 X1  20%byVolume VC 55.3% Cancellation of Test
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As is apparent from the results shown in Table 1, it is found
that the cycle characteristic is improved in Examples 1 and 2
in which both of VC and VS are contained in the electrolyte
solution compared with Comparative Example 1 in which
only VC is contained in the electrolyte solution. Further, it is
found that the cycle characteristic is further improved in
Example 2 in which VC, VS and BDDMS are contained in the
electrolyte solution compared with Example 1 in which VC
and VS are contained in the electrolyte solution.

<Reference Experiment>

Reference Example 1

[Preparation of LiCog 5571 00sMg0 005021

Li,CO;, Co;0,, ZrO, and MgO were mixed in an Isikawa
type grinding mortar in such a way that amolar ratio of Li, Co,
Zr and Mg is 100:99:0.5:0.5 and then heat treated at 850° C.
for 24 hours in an air atmosphere, and then the heat treated
mixture was milled to obtain LiCoy, 7ty 9osMgg 00505 hav-
ing an average particle diameter of about 14 um.

[Preparation of LiMn,, 55Ni, 55C0q 5,05]

LiOH and coprecipitation hydroxide expressed by
Mn,, 5;Ni, 55Coq 5, (OH), were mixed in an Isikawa type
grinding mortar in such a way that a molar ratio of Li and
overall transition metals is 1:1 and then heat treated at 1,000°
C. for 20 hours in an air atmosphere, and then the heat treated
mixture was milled to obtain LiMn,, ;;Ni, ;;Co, 5,0, having
an average particle diameter of about 5 pm.

[Preparation of Positive Electrode]

LiCoy 99216 00sMgo.00sO> and  LiMng, 53Nij 33C00.3405
thus obtained were mixed in an Isikawa type grinding mortar
s0 as to be 7:3 in a weight ratio to obtain a positive active
material. Next, poly vinylidene fluoride as a binder was dis-
solved in N-methyl-2-pyrrolidone as a dispersing medium
and to this solution, a positive active material and a carbon as
a conductive material were further added in such a way that
the weight ratio of the active material, the conductive material
and the binder is 90:5:5 and the resulting mixture was
kneaded to prepare slurry for the positive electrode. After the
prepared slurry was applied onto an aluminum foil as a col-
lector, it was dried and then rolled out with a roller, and a
positive electrode was fabricated by attaching a collecting tab
to the collector.

[Preparation of Negative Electrode]

To an aqueous solution formed by dissolving carboxym-
ethylcellulose as a thickener in water, artificial graphite as a
negative active material and a styrene butadiene rubber as a
binder were added in such a way that the weight ratio of the
active material, the binder and the thickeneris 95:3:2 and then
the resulting mixture was kneaded to prepare slurry for the
negative electrode. After the prepared slurry was applied onto
a copper foil as a collector, it was dried and then rolled out
with a roller, and a negative electrode was fabricated by
attaching a collecting tab to the collector.

[Preparation of Electrolyte Solution]

Ethylene carbonate and diethyl carbonate were mixed so as
to be 3:7 in a volumetric ratio to form a solvent and in this
solvent, LiPF4 was dissolved so as to be 1 mol/l in its con-
centration to prepare an electrolyte solution.

[Fabrication of Battery]

The positive electrode and the negative electrode thus
obtained were taken up so as to be placed on opposite sides of
a separator to prepare a roll, and a non-aqueous electrolyte
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secondary battery B1, which has a design capacity of 650
mAh and has a size of'3.6 mm thickx3.5 cm widex6.2 cm long
as a battery standardized size, was obtained by encapsulating
the roll together with an electrolyte solution in an aluminum
laminate in a glove box under an atmosphere of argon. In
addition, a design discharge capacity per volume of the bat-
tery was 83 Alv/liter. The capacity per volume of the battery
lower than that of the battery described in Examples and
Comparative Example shown in Experiment 1 of this speci-
fication results from that a proportion of the electrode which
the active material of this case makes up is reduced compared
with the battery described in the above-mentioned Experi-
ment 1.

Here, amounts of the positive active material and the nega-
tive active material used are determined in such a way that the
ratio between charge capacities of the opposite portions in the
positive electrode and the negative electrode (negative elec-
trode charge capacity/positive electrode charge capacity) in
the case where 4.4 V is selected as an end of charge voltage is
1.15. In addition, this ratio between charge capacities of the
positive electrode and the negative electrode will be similarly
used in the following Reference Examples and Reference
Comparative Example.

[Evaluation of Thermal Stability]

The non-aqueous electrolyte secondary battery B1 was
charged at a constant current of 650 mA at room temperature
until a voltage reaches 4.45 V and further charged at a con-
stant voltage of 4.45 V until a current value reaches 32 mA.
Then, the battery was heated at a rate of 5° C./minute from
room temperature to a set temperature and maintained at the
set temperature for 2 hours, and thereby the thermal stability
was evaluated.

[Evaluation of Charge-discharge Cycle Characteristic]

The non-aqueous electrolyte secondary battery B1 was
charged at a constant current of 650 mA at room temperature
until a voltage reaches 4.4 V and further charged at a constant
voltage of 4.4 V until a current value reaches 32 mA and then
discharged at a constant current of 650 mA until a voltage
reaches a set voltage, and thereby a discharge capacity (mAh)
of the battery was measured. By repeating this charge and
discharge, the charge-discharge cycle characteristic was
evaluated.

Reference Example 2

A non-aqueous electrolyte secondary battery B2 was fab-
ricated by following the same procedure as in Reference
Example 1 except for changing the procedure in the above
preparation of positive electrode in Reference Example 1 in
suich a way that LiCog o971y 00sMgo 050> and
LiMn, 55Ni, 55C0, 5,0, were mixed so as to be 8:2 in a
weight ratio, and the thermal stability and the charge-dis-
charge cycle characteristic of the battery B2 were evaluated.

Reference Comparative Example 1

Anon-aqueous electrolyte secondary battery Y1 was fabri-
cated by following the same procedure as in Reference
Example 1 except for changing the procedure in the above
preparation of positive electrode in Reference Example 1 so
as to use only LiCog 66715 00sM80.005s05 as a positive active
material, and the thermal stability and the charge-discharge
cycle characteristic of the battery Y1 were evaluated.

Reference Comparative Example 2

Anon-aqueous electrolyte secondary battery Y2 was fabri-
cated by following the same procedure as in Reference
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Example 1 except for changing the procedure in the above
preparation of positive electrode in Reference Example 1 so
as to use only LiMn, 5;Nij 55Co, 5,0, as a positive active
material, and the charge-discharge cycle characteristic of the
battery Y2 was evaluated.

The results of evaluations of the thermal stability of the
non-aqueous electrolyte secondary batteries B1 and B2 of
Reference Examples 1 and 2 and the non-aqueous electrolyte
secondary battery Y1 of Reference Comparative Example 1
thus prepared are shown in Table 2. And, the results of evalu-
ations of the charge-discharge cycle characteristics of the
non-aqueous electrolyte secondary batteries B1 and B2 of
Reference Examples 1 and 2 and the non-aqueous electrolyte
secondary batteries Y1 and Y2 of Reference Comparative
Examples 1 and 2 are shown in Table 3. And, values in the
parentheses described in columns of discharge capacity at
100th cycle and discharge capacity at 300th cycle in Table 3
are capacity retention to an initial discharge capacity.

TABLE 2

12

lower than 2.9 V causes the deterioration with cycle to
become large even when the end of charge voltage is 4.2 V.
Here, as is apparent from the comparison between Com-
parative Example 1 of Experiment 1 and Reference Example
1 of Reference Experiment, the cycle characteristic of the
battery X1 is significantly inferior to that of the battery B1
using the similar positive active material. The reason for this
is assumed to be that in the battery X1, since by increasing a
proportion of the active material in the battery of this case, the

10 discharge capacity per volume of the battery was significantly

increased compared with the battery B1 and therefore an
amount of an electrolyte solution per volume of the battery
was reduced, an effect of the decomposition of the electrolyte
solution in repeating the charge and discharge on charge-

15 discharge cycle deterioration became remarkable.

From this, it is considered that the present invention has a
remarkable effect particularly in increasing the capacity per
volume of the battery.

Content of
LiMny 33Nig 33C06,340,
in Positive Active

Thermal Stability

Battery Material 160° C. 170° C. 180° C.
Reference Example 1 B1 30% — Non Abnormality Ignition
Reference Example 2 B2 20% — Non Abnormality Ignition
Reference Comparative Example 1 Y1 0% Non Abnormality Ignition —
TABLE 3
Content of
LiMny, 33Nig 33C04 3405 Cut Off  Initial Discharge Discharge Capacity —Discharge Capacity
in Positive Active Voltage in Capacity at 100th Cycle at 300th Cycle
Battery Material Discharge (mAh) (mAh) (mAh)
Reference Example 1 B1 30% 3.1V 658.0 616.4 (93.7%) 585.5 (89.0%)
Reference Example 2 B2 20% 3.1V 666.6 620.4 (93.1%) 591.1 (88.7%)
Reference Comparative Example 1 Y1 0% 275V 678.9 639.1 (94.1%) 619.8 (91.3%)
Reference Comparative Example 2 Y2 100% 3.1V 552.7 461.7 (83.5%) 274.3 (49.6%)

As is apparent from the comparison between Reference
Examples 1 & 2 and Reference Comparative Example 1
shown in Table 2, it is found that in charging the battery up to
4.45 V, by mixing and using the lithium transition metal
complex oxide A and the lithium transition metal complex
oxide B as a positive active material, the thermal stability of
the battery is improved compared with the case where only
the lithium transition metal complex oxide A is used.

And, as is apparent from the comparison between Refer-
ence Examples 1 & 2 and Reference Comparative Examples
1 & 2 shown in Table 3, it is found that in charging the battery
up to 4.4V, by mixing and using the lithium transition metal
complex oxide A and the lithium transition metal complex
oxide B as a positive active material, the charge-discharge
cycle characteristic is improved compared with the case
where only the lithium transition metal complex oxide B is
used. From these results, it is found that by mixing and using
the lithium transition metal complex oxide A and the lithium
transition metal complex oxide B, both of high thermal sta-
bility and high cycle characteristic can be attained.

In addition, the reason why a discharge cut off voltage is set
at 3.1 V or higher in the battery using the lithium transition
metal complex oxide B is that when the lithium transition
metal complex oxide B is used, the discharge cut off voltage

45

50 transmission

Observation by Electron Microscope

LiCoq 66710 50sM8g 0050, used in Reference Example 1
was observed by an electron microscope.

FIG. 1 is a backscattered-electron image of a scanning
electron microscope (SEM) of LiCog 5671 00sME6 00505
used in Reference Example 1 and FIG. 2 is an image of a
electron microscope (TEM) of
LiCoyq 66714 50sM80 0050,- As is apparent from FIG. 1 and
FIG. 2, small particles adhere to the surfaces of large par-
ticles.

The qualification of metal elements contained the image of

55 a transmission electron microscope (TEM) shown in FIG. 2

was evaluated by EDS (energy-dispersive X-ray spectros-
copy). The results of measurement of EDS are shown in FIG.
3 and FIG. 4. FIG. 3 shows a graph of measurement results of
EDS at the spot 1 in FIG. 2 and FIG. 4 shows a graph of

60 measurement results of EDS at the spot 2 in FIG. 2. As is

apparent from FIG. 3 and FIG. 4, in the TEM image of FIG.
2, a Co element is hardly detected and a Zr element is much
detected at the spot 1. On the other hand, at the spot 2, the Zr
element is not detected at all and the Co element is much

65 detected. From this, it is found that the adhering particles of

the spot 1 are particles of a compound containing Zr and the
adhering particles of the spot 2 are particles of LiCoO, not
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containing Zr. That is, it is found that the surface of the
LiCoO, particle is in a state that particles of a compound of Zr
adhere to a part of the surface and most (80% or more) of the
surface is exposed.

And, as is apparent from FIG. 3 and FIG. 4, Mg is detected
in both of the spot 1 and the spot 2. Therefore, it is found that
Mg elements are diffused into and contained in both of the
particles of a compound of Zr and the LiCoO, particles.

What is claimed is:

1. A non-aqueous electrolyte secondary battery including a
positive electrode containing a positive active material, a
negative electrode containing a negative active material and a
non-aqueous electrolyte, characterized in that

lithium transition metal complex oxide A formed by allow-

ing LiCoO, to contain at least both of Zr and Mg and
lithium transition metal complex oxide B having a lay-
ered structure and containing at least both of Mn and Ni
as transition metals are mixed and used as said positive
active material, and vinylene carbonate and divinyl sul-
fone are contained in said non-aqueous electrolyte.

2. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that 1,4-butanedioldimethane-
sulfonate is further contained in said non-aqueous electrolyte.

3. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that the content of said
vinylene carbonate is 0.5 to 5% by weight with respect to the
entire non-aqueous electrolyte.

4. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that the content of said divinyl
sulfone is 0.1 to 1% by weight with respect to the entire
non-aqueous electrolyte.

5. The non-aqueous electrolyte secondary battery accord-
ing to claim 2, characterized in that the content of said 1,4-
butanedioldimethanesulfonate is 0.1 to 1.5% by weight with
respect to the entire non-aqueous electrolyte.

6. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that a solvent of said non-
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aqueous electrolyte is a mixed solvent of a cyclic carbonate
and a chain carbonate and an amount of the cyclic carbonate
in the mixed solvent is 20 to 30% by volume.

7. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that Zr contained in said
lithium transition metal complex oxide A adheres to the sur-
face of the lithium transition metal complex oxide A in the
form of a particle as a compound of Zr.

8. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that said lithium transition
metal complex oxide B is expressed by a chemical formula:
Li,MnNi,Co,O,, wherein b, s, t and u are numerals satisfy-
ing equations of 0=b=1.2, s+t+u=1, 0<s=0.5, 0<t=0.5 and
uz0.

9. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that an amount of Mn in said
lithium transition metal complex oxide B is substantially
equal in a molar ratio to an amount of Ni in said lithium
transition metal complex oxide B.

10. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that the content of said lithium
transition metal complex oxide A in said positive active mate-
rial is 51 to 90% by weight.

11. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that said positive active mate-
rial and said negative active material are contained in such a
way that the ratio between charge capacities of the positive
electrode and the negative electrode in the case of selecting
4.3V as an end of charge voltage is 1.0 to 1.2.

12. The non-aqueous electrolyte secondary battery accord-
ing to claim 1, characterized in that said positive active mate-
rial and said negative active material are contained in such a
way that the ratio between charge capacities of the positive
electrode and the negative electrode in the case of selecting
4.4V as an end of charge voltage is 1.0 to 1.2.



